We investigate the magnetic field influence on conductivity of bismuth nanowires at low temperatures when the uniform magnetic field is directed perpendicular to the wire axis. Using the Kubo formula for the conductivity, we calculate conductivity for the cases of system with degenerate and nondegenerate carrier gas with elastic acoustic-phonon scattering of carriers as in i . Size, temperature, and field dependence of conductivity of quantum Bi wire are discussed in detail. For the nanowire with nondegenerate carrier gas, the conductivity depends exponentially on value of magnetic field, temperature, and diameter of the Bi wire. The conductivity of the wire with degenerate carrier gas depends nonmonotonously on magnetic field (negative as in ii can be observed).
INTRODUCTION
Bismuth-based QWs are promising objects for theoretical and experimental studies of thermo-and galvanomagnetic phenomena because the free path length of carriers in them is great (up to 1 mm); in addition, due to the complex band structure of the material, strong anisotropy of effective masses, and high g-factor (up to 200), these systems in external fields can exhibit various kinetic properties ii-viii . Since values of some components of the tensor of electron effective masses are ~0.001 m 0 iii (m 0 is the freeelectron mass), the size quantization effect can take place in a QW of relatively large diameter (up to 300 nm) i , which enhances the interest in them. In this work, we study the electric conductivity of Bi QWs in a transverse magnetic field.
THEORY
In bismuth, the Fermi surface consists of one hole ellipsoid in the T-point of the Brillouin zone and three electron ellipsoids in the L-points viii . The hole ellipsoid is directed along the trigonal axis; the three electron ellipsoids lie in a plane perpendicular to the trigonal axis. The angle of intersection between the principal axes of the electron ellipsoids is 120°. In addition, electron ellipsoids are nonparabolic; they exhibit a high degree of anisotropy ii, viii, ix . For example, the components of the tensor of electron Let us assume that the bisector axis C 1 of one of the electron valleys viii , we shall call it the A valley, coincides with the k x axis (the QW axis is Ox); that of the two other valleys (B and C) makes the angle φ = ±120˚. For simplicity, let us consider the QW limiting potential to be parabolic
κ is constant. This model is often used for calculation of kinetic coefficients in QWs; it is theoretically justified 
"-" corresponds to the field orientation of spin; "+", in the opposite direction; 0
is the distance of the T-point in the k-space from the center of the Brillouin zone, 
, n, n 3 = 0, 1, 2…; H n (z) is the Hermite polynomial.
By solving the Schrodinger equation with Hamiltonian (2), taking into account the nonparabolicity of the band, we find energy eigenvalues and wave function envelopes for electrons of the j-th valley, respectively and it is possible for QWs with small diameters that, due to the size quantization effect, there will be no electrons in the B and C valleys ; they will remain in the A valley only (Fig. 1) . 
The electric conductivity will be determined with the use of the Kubo formula xiii . In the case when the basic mechanism of carrier scattering is assumed to be elastic acousticphonon scattering, taking into account i, xi , for the tensor of electric conductivity of electrons (or holes with the substitution of respective quantities in the relations), we can write
, T is the temperature, k 0 is the Boltzmann constant, V is the system volume. The electron scattering probability is defined by the relation
The equilibrium function of electron distribution
The crystal parameters are designated as follows: E e is the electron deformation potential, ρ is the density, v is the sound velocity, and ξ is the chemical potential. In addition, with regard for (8) and (5), the matrix elements of the generalized momentum for electrons and holes, respectively, take the form
. (12) Here c m
Let us note that in the case of transverse magnetic field, the matrix element of the generalized momentum has both diagonal elements (it is possible in size-quantized systems only) and off-diagonal elements with respect to size-magnetic (hybrid) quantum number. For reasonable parameters of QWs, the last summands in (11) and (12) make insignificant contribution to the transverse electric conductivity. Therefore, the electric conductivity in QWs in a transverse magnetic field can be appreciably higher than that in bulk materials in the direction perpendicular to the quantizing magnetic field i, xi, xiv . Thus, at H~80 kOe the transverse MR in a Bi QW with a diameter of 75 nm is considerably less than in systems with a diameter of 350 nm, i.e., actually bulk Bi iii-vii .
RESULTS AND DISCUSSION
Let a QW be such that carriers are only in the lowest subbands (n=n 3 =0) split by magnetic field due to spin-orbit interaction. In this case, electrons are in the A valley only. The scattering probability of electrons (for holes, respective quantities must be substituted) with no variation in spin for each of split spin subbands ("+" and "-", respectively) has the form 
Where
The electric conductivity of a QW contains contributions of electrons and holes of each of the occupied spin subbands, accordingly 
Let us consider a Bi QW in the semiconductor state (ξ is in the band gap formed due to the size quantization effect (Fig. 1(left) )). The distribution functions for electrons and holes can be assumed to be, respectively, As follows from (16) and (17), the electric conductivity of a QW depends exponentially on magnetic field value (Fig. 2.) , temperature, and parameters of limiting potential (   h  h  3  2  3  2 , , , ω ω ω ω ), i.e., on transverse sizes of the QW. Taking into account values of carrier effective masses and other band parameters of bismuth, it is possible to conclude that the contribution of holes to the electric conductivity of nondegenerate carriers of QWs is 2 orders less than that of electrons, which is attributed to smaller effective mass of electrons. In the case of a semimetal QW (Fig. 1(right) As it follows from (18) and (19), the electric conductivity of a QW is determined mainly by the contribution of electrons. The dependence of the resistance of a QW with degenerate gas of carriers on H can be nonmonotonic when ξ is spaced from the conduction band bottom by an energy on the order of the quantization energy. At low H, there is a range of negative MR (the transfer of electrons from one branch of the dispersion law to another is suppressed); then, in strong magnetic fields, the resistance increases ( Fig. 3. like Fig. 3 . b. and ii ).
